Objective: The objective of this study was to determine whether the Minimum Data Set (MDS) 3.0 discharge record accurately identifies hospitalizations and deaths of nursing home residents. Design: We merged date of death from Medicare enrollment data and hospital inpatient claims with MDS discharge records to check whether the same information can be verified from both the sources. We examined the association of 30-day rehospitalization rates from nursing homes calculated only from MDS and only from claims. We also examined how correspondence between these 2 data sources varies across nursing homes. Settings: All fee-for-service (FFS) Medicare beneficiaries admitted for Medicare-paid (with prospective payment system) skilled nursing facility (SNF) care in 2011. Results: Some 94% of hospitalization events in Medicare claims can be identified using MDS discharge records and 87% of hospitalization events detected in MDS data can be verified by Medicare hospital claims. Death can be identified almost perfectly from MDS discharge records. More than 99% of the variation in nursing homeelevel 30-day rehospitalization rate calculated using claims data can be explained by the same rates calculated using MDS. Nursing home structural characteristics explain only 5% of the variation in nursing homeelevel sensitivity and 3% of the variation in nursing homeelevel specificity. Conclusion: The new MDS 3.0 discharge record matches Medicare enrollment and hospitalization claims events with a high degree of accuracy, meaning that hospitalization rates calculated based on MDS offer a good proxy for the "gold standard" Medicare data.
Over the past decade, hospitalizations from skilled nursing facilities (SNFs) received considerable attention of researchers and policy makers. Hospitalizations are widely used in the nursing home (NH) literature 1e7 and are known to be frequent, 8 costly, 9 and often preventable. 10, 11 In particular, between 2000 and 2006, 30-day rehospitalization rates of Medicare beneficiaries newly discharged to SNF rose from 16% to 20% and for prior NH residents the increase went from 22% to 27%, at an estimated total cost to Medicare of $4.34 billion in 2006. 3 The Medicare Payment Advisory Commission (MedPAC), maintains that rehospitalizations are a symptom of dysfunction in the continuity of care and represent quality problems. As a result, the Affordable Care Act proposed rehospitalization as a quality measure for the health care system in general, one that could be used to compare hospitals. Additionally, after October 1, 2012, section 3025 of the 2010 Affordable Care Act fined hospitals with higher than expected readmission rates. 12, 13 Because approximately 30% of all Medicare hospitalizations are discharged to SNFs, 14 rehospitalization from SNFs are likely to play a key role in hospitals' discharge decisions under such payment mechanisms.
There is now increasing pressure to adopt rehospitalization from SNFs as a quality measure for NHs, meaning that timely calculation of this rate has become increasingly important. Currently, hospitalizations of Medicare beneficiaries are calculated from Medicare claims, which are regularly updated but can lag by as much as a year before they are complete and adjudicated. Besides the time lag, Medicare claims data are not available for the Medicare Advantage (MA) patients, a growing percentage of all Medicare beneficiaries. As a result of the Medicare Modernization Act in 2003 that raised payments to MA plans for serving more medically complex and frail beneficiaries, the MA population in NH has doubled over the past 10 years and has been projected to continue to rise even further. 15 Thus, there is a growing need for an alternative data source to identify hospitalizations of NH patients. The MDS, first implemented in 1990 in response to the Nursing Home Reform Act of 1987, has been actively used in creating quality measures since its inception. 16e20 In October 2010, the Centers for Medicare and Medicaid Services implemented version 3.0 of the Minimum Data Set (MDS 3.0) in all certified NHs in the United States. The MDS was updated from the 2.0 version primarily because of concerns about the reliability, validity, and clinical relevance of its content. 21 Nursing facilities submit the MDS data nightly or weekly and these are then used to update NH quality measures quarterly for public reporting.
With the introduction of MDS 3.0, complete resident assessments have been required on discharge (not only filing a tracking form). This feature has the potential to significantly improve the ability of the MDS to accurately measure quality at the NH level, as patients' change in function and other clinical areas can be calculated. This article investigates the accuracy of the MDS discharge record in identifying a hospitalization event among newly admitted fee-forservice patients as compared to Medicare claims. The rationale for undertaking these analyses is as follows: (1) identification of hospitalizations using MDS permits the calculation of hospitalization rates in a timely manner based on MDS data only, and (2) assuming that such accuracy holds for discharge records for all types of patients, an MDS-based hospitalization rate allows calculation of hospitalization rates for all NH residents, including MA and young Medicaid (nonMedicare) patients for whom these rates cannot be calculated using Medicare claims.
Methods
We merged individual-level data for 2011 from 3 sources: (1) Medicare enrollment files, (2) Minimum Data Set (MDS), and (3) Medicare hospital inpatient and outpatient claims. We used the Online Survey, Certification, and Reporting system and LTCfocus.org data for NH characteristics. The research protocol was approved by the Brown University institutional review board.
Approximately 3.7 million individuals had at least one MDS assessment in 2011. We identified a cohort of patients who were admitted as Medicare-paid SNF patients after an acute hospitalization event who had had no previous MDS record within the past 3 months to ensure that they were not permanent NH residents. To ensure that all the patients in our cohort were Medicare-paid SNF patients, we dropped all individuals whose first or second assessment was not part of a prospective payment system (PPS) 5-day assessment. We also dropped all the MA patients because claims data are not available for these individuals. We excluded 1,009,164 individuals who were either managed care beneficiaries or individuals without PPS 5-day assessment. We also excluded 174,564 individuals who first entered an NH in December 2011, because we could not track them for 30 days following admission using 2011 data. Our final cohort consisted of 1,056,330 Medicare beneficiaries who were admitted from a hospital to an SNF, and who had at least one MDS assessment first initialized between January 1, 2011, and November 30, 2011 (see Appendix Table 1 ). This patient sample is associated with 6.3 million MDS assessments of which 1.4 million were discharge assessments. We further identified 862,555 hospital inpatient and 68,445 outpatient claim records that occurred after the first MDS assessment claims for the individuals in this study.
We focused on 3 types of MDS discharge records: acute (if acute hospital), nonacute (if psychiatric hospital or Mental Retardation/ Developmental Disabilities facility), and death (if deceased). We categorized claims records into 2 groups: inpatient and outpatient (in case of emergency room visit or observation unit stay without a corresponding inpatient admission). We also identified death from enrollment records. We compared the information on patients' discharge disposition from MDS and Medicare data in 2 ways. First, we identified all MDS discharge records within 30 days following SNF admission and compared them with the Medicare data. Rehospitalization events from the MDS discharge code were verified using Medicare claims if there was a hospitalization claim within 3 days of the date of the discharge assessment. Deaths noted on the discharge record were verified using vital status on the enrollment record. Second, we identified all Medicare claim records within 30 days following SNF admission and "verified" these records using the MDS discharge records. Rehospitalization events were verified using MDS records if there was an MDS discharge code within 3 days of the discharge assessment date.
The remainder of our analysis is based on 2 separate resident-level binary indicators of 30-day rehospitalization for the study cohort based on MDS acute hospitalization discharge records and Medicare claims. We aggregated these data to calculate nursing facilityelevel 30-day rehospitalization rates based on MDS and based on claims and showed the statistical association between these 2 rates. We estimated linear regression models between NH-level Medicare inpatient claimsebased 30-day rehospitalization rates and NH-level MDS-based 30-day rehospitalization rates without a constant term and used number of individuals in corresponding facility as a weighting factor.
We computed the sensitivity and specificity of the MDS-based 30-day rehospitalization measure using the hospital claimsebased measure as the gold standard. Figure 1 shows how sensitivity and specificity have been defined. Sensitivity is defined as the ratio of the number of individuals with 30-day rehospitalizations correctly identified by MDS and the true number of individuals with 30-day hospitalization (indicated by claims). Specificity is defined as the ratio of the number of individuals without any 30-day rehospitalization correctly identified by MDS and the true number of individuals without any 30-day rehospitalization. Thus, if MDS-based rehospitalization coincides with claims-based rehospitalization perfectly, both specificity and sensitivity will be 100%.
Finally, we calculated the sensitivity and specificity of the MDSbased rehospitalization from NH for each nursing facility and examined whether these varied with NH characteristics by using linear regression with NH characteristics as the independent variables. Our null hypothesis was that variations in sensitivity and specificity across NHs are random and are not associated with structural NH characteristics. indicating acute rehospitalization were verified with Medicare claims data based on the presence of a claim within 3 days. Among the relatively small number of MDS discharges that indicated rehospitalization events in a nonacute setting, 80.7% could be verified with a Medicare claim, but most claims (60%) were for inpatient hospitalizations, whereas only 20.7% were verified by outpatient claims. MDS discharge records indicating death were extremely accurate, with 99.8% of such discharge records corresponding to the date of death on the Medicare enrollment files. The lower panel of Table 2 presents the results of our examination of the extent to which Medicare claims correspond to MDS discharge records. We focused on the hospitalizations having Medicare claims that originated from the NH (ie, patients for whom there is no evidence from MDS that they were discharged to home or any other care settings before that claim). Of all these Medicare inpatient claims within 30 days of SNF admission, 94.4% had a corresponding MDS discharge record, all but 1.5% were MDS discharge records indicating rehospitalization in an acute hospital. Finally, for outpatient Medicare claims that are indicative of an observation stay in hospital, 85% could be verified with MDS discharge records. For these claims, 47.7% corresponded to an MDS discharge record, indicating acute rehospitalizations, with an additional 38.2% verified by MDS discharge records indicating nonacute rehospitalizations. Figure 2 plots NH-level 30-day rehospitalization rates calculated using inpatient claims data relative to 30-day rehospitalization rates calculated using acute hospitalization discharge records from MDS. If we fit a line without a constant term, approximately 96% of the variation in NH-level claims-based 30-day rehospitalization rates can be explained by the MDS rate. The estimated correlation coefficient is 0.995. The 95% confidence interval is 0.992 to 1.000, which implies that we cannot reject the null hypothesis of one-to-one correspondence between claims and MDS-based 30-day rehospitalization rates at the 5% level of significance. Table 2 presents the sensitivity and specificity of the MDS-based 30-day rehospitalization indicator using 2 alternative definitions of the gold standard: the 30-day rehospitalization measure based only on inpatient claims and that based on both inpatient and outpatient claims (adding in the observation stays). As can be calculated from Table 2 , the 30-day rehospitalization rate is 0.184 if calculated from MDS, 0.189 if calculated based on inpatient claims, and 0.198 if calculated based on both inpatient and outpatient claims. When this gold standard is defined based only on inpatient claims, sensitivity is 84% and specificity is 97%. When the gold standard includes outpatient observation stays, sensitivity decreases by approximately 1 percentage point and specificity increases by approximately 1 percentage point. Table 3 presents the association of NH-level sensitivity/specificity and NH facility characteristics estimated using linear regression model. Under both definitions of gold standard, the SD of NH sensitivity rate is approximately 18% and that of specificity rate is 5%. As expected, both these rates are largely unrelated to NH characteristics. Only approximately 5% of the variation in sensitivity and 3% variation in specificity can be explained by NH characteristics. Sensitivity is found to be associated with hospital affiliation, occupancy rate, and number of admissions per bed. Specificity is found to be associated with hospital affiliation, nursing care hours per patient per day, and the proportion of admissions for African American patients. There is no statistical association between specificity/sensitivity and key NH structural characteristics, such as size, payer composition, availability of nursing staff, ownership status, and patient acuity. As a robustness check, we found similar results restricting the analysis to NHs with more than 30 patients in our sample (see Appendix Table 2 ).
Results

Discussion
This article compares MDS discharge records and Medicare claims records to ascertain the accuracy of MDS records and our ability to reliably calculate hospitalization rates, using only MDS data, occurring from nursing facilities. We found that approximately 94% of the hospitalization events in Medicare claims can be identified using MDS discharge records. We also found that 87% of hospitalization events detected in MDS data can be verified by claims data. Death can be identified almost perfectly from MDS discharge records. The 30-day rehospitalization rate is 18.4% if calculated from MDS and 18.9% if calculated from inpatient claims. Using Medicare acute inpatient hospitalizations originating from NH as the "gold standard," the sensitivity of the MDS discharge record indicating a 30-day rehospitalization is 84% and the specificity is 97%. When we create and compare NH-level, aggregated versions of 30-day rehospitalization rates derived from MDS and from the claims, we observe that 96% of the variation in the NH-level rehospitalization rates calculated from the Medicare claims can be explained by that calculated from MDS. We found that NH-level specificity and sensitivity are not directly related to key NH characteristics, such as size, payer composition, availability of nursing staff, ownership status, or patient acuity.
The MDS 3.0 has more complete discharge records and we see a clear improvement, particularly in ascertaining vital status on discharge. Mor et al 22 found that 90% of the hospitalization events in Medicare claims were identified from MDS 2.0 in 2006 and a comparable figure based on MDS 3.0 is 94%. They also found that 80% of hospitalization events detected in MDS 2.0 for 2006 could be verified by claims data; the comparable figure from our analysis is 87%. This is a substantial improvement over the performance of the MDS 2.0 discharge record, based on published analysis from the past decade.
The correspondence between the types of hospital to which patients are discharged on the MDS with which type of provider submitted the corresponding Medicare claim is less than perfect, particularly because 98% of all hospital discharges are labeled acute. We calculated MDS-based 30-day rehospitalization rate using only acute hospital discharges, which increases by 0.2% points if we include nonacute hospital discharges. Interestingly, most current claims-based rehospitalization models ignore outpatient claims indicating an observation stay; however, 0.5% of the MDS hospital discharges correspond to outpatient observation day claims. Given the ongoing growth of observation stays and the possibility that hospitals use these in lieu of readmissions, consideration will have to be given to incorporating these types of claims into future claimsbased measures of rehospitalization. 23 Although MDS acute discharges overestimate the rates of rehospitalization by 0.5 percentage points, 30-day rehospitalization rates at the nursing facility level from 2 different sources are highly correlated and the frequency of error is barely associated with NH characteristics. These findings imply that hospitalization rates calculated from MDS could be used as a provisional quality measure that could be used to rank the relative performance of nursing facilities with respect to rehospitalization. Because a growing number of Medicare beneficiaries are enrolled in MA plans, which do not submit claims, having a more comprehensive measure based on all admissions is particularly important. Indeed, in some heavily concentrated MA markets, some SNFs might specialize in caring for these patients and might not, therefore, have the requisite number of regular Medicare admissions for a claims-based rehospitalization rate to be calculated. However, it should be noted that an important deficit is that MDS-based hospitalization measures cannot identify P values are in parentheses. ***P < .01, **P < .05, *P < .1. 30-day rehospitalizations that occurred after discharge from the NH to any setting other than the hospital. That is, these measures are relevant only for rehospitalizations that are directly from the NH. Our study has an important limitation in that we could not verify 13% of MDS hospital discharge records using inpatient and outpatient claims. Among the outpatient visits, we looked only at observation stays and ignored emergency room visits. It may be that facilities will complete the MDS even though they are not sure that patients will be sent back after a stay in the emergency room. These could also potentially be explained by internal rehabilitation admissions or other types of hospital visits. Nevertheless, magnitude of error is much smaller when pertaining to indicators of hospitalization. Another limitation of this study is that we focus only on newly admitted SNF patients and ignore the long-stay patients. We did this because among dual-eligible long-stay NH residents, as many as 20% to 30% of those hospitalized do not return on the Medicare SNF benefit, so that testing the correspondence between the 2 measure sources would be less complete. However, because NHs can be assumed to have better knowledge of their long-term patients, the incidence of error in reporting hospitalization of these patients might be lower.
Conclusion
The new MDS 3.0 discharge record matches Medicare enrollment and hospitalization claims events with a high degree of accuracy, meaning that individual-level indicators of hospitalization and NHlevel hospitalization rates calculated based on the MDS offer a good proxy for the "gold standard" Medicare data.
Appendix P values are in parentheses. ***P < .01, **P < .05, *P < .1.
